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TumorsAbstract Objective: To assess the usefulness of MR spectroscopy (MRS) in grading of primary
brain tumors.
Methods: MRS was performed in 22 patients with primary brain tumors. Metabolite ratios of
Choline (Cho)/N-acetylaspartate (NAA), Cho/Creatine (Cr), Cho+Cr/NAA as well as lipids and
lactate (LL)/Cr were calculated at short and intermediate echo times (TEs). Additionally, myo-
inositol (mI)/Cr was calculated at short TE. Tumors were subdivided into low grades and high
grade on the basis of histopathology. Receiver operating characteristic analysis of metabolite ratios
was performed to ﬁnd cutoff values between high and low grade tumors. The resulting sensitivity,
speciﬁcity and accuracy were calculated.
Results: At intermediate TE, Cho/NAA, Cho+Cr/NAA and Cho/Cr were signiﬁcantly higher in
high grade tumors than in low grade tumor. At short TE, Cho/Cr and LL/Cr ratios were signiﬁ-
cantly higher in high grade tumors than in low grade tumor. The diagnostic accuracy of metabolite
ratios at intermediate TE was 86% whereas at short TE, the diagnostic accuracy was 75%.
Combination of both TEs revealed a diagnostic accuracy of 88%.
Conclusion: Cho/NAA, Cho+Cr/NAA and Cho/Cr are reliable in determining the tumor grade.
LL/Cr is highly related to high grade tumors. Combination of both short and intermediate TEs
provides better accuracy, in grading of brain neoplasm, compared to that when using each TE
separately.
 2016 The Egyptian Society of Radiology andNuclearMedicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Brain tumors are major health problem that increases annu-
ally. Of all primary brain tumors, gliomas are the most com-
mon. Tumor grading is important for the determination of
appropriate treatment strategies (1).
578 R.K.A. Naser et al.Despite the excellent soft tissue contrast provided by MRI,
the sensitivity and speciﬁcity with which this modality deﬁnes
tumor type and grade are limited (2) MR spectroscopic imag-
ing (MRS) provides metabolic information regarding the tissue
under study, complementing the anatomic information
obtained with conventional MRI (3). Thus, MRS has been
proposed as an alternative modality for grading of brain
tumors (4). For a reliable MRS procedure, spectroscopic local-
ization methods and data acquisition should be properly
adjusted (5).
Multivoxel MRS (MRSI) provides high spatial coverage
and may be more useful than single-voxel techniques for
obtaining a metabolic map of a large size of tumors. Yet,
single-voxel MRS (SVS) also has been reported to be useful
for assessment of glioma grade (6). Another important
parameter that can largely inﬂuence the spectrum is the echo
time (TE). At short TE, it is possible to detect more
metabolites. However, there are several disadvantages such
as the distortion of the spectra baseline under the effects
of eddy current, water contamination and the overlapped
lipids and lactate peaks, resulting in higher shimming
demands. On the contrary, intermediate TE MRS may be
chosen to detect the metabolites of longer relaxation times
with little or no contamination of residual water, lipids, or
fat tissue and thus without baseline distortions (5). Few
studies have been devoted to the contribution of both short
and intermediate TE MRS for tumor grading (5–8). There-
fore, the purpose of this study was to evaluate the usefulness
of short and intermediate TEs MRS in differentiation of
high from low grade tumors.
1.1. Patients and methods
22 patients (13 males, 9 females; age range, 2–72 years) have
been examined using 1.5 Tesla MRI scanner (Magnetom
Avanto, Siemens, Erlangen, Germany).
MRI protocol: All the cases were examined in supine posi-
tion with standard circularly polarized head coil using the fol-
lowing sequences.
Axial and Sagittal T1WI (550/8.7 ms) TR/TE spin echo.
Coronal T2WI (5000/96 ms) TR/TE spin echo. Axial FALIR
(9000/92/ms) TR/TE spin echo. 5 mm section thickness,
230  230 Field of view (FOV) and 256  256 matrix size.
After intravenous administration of Gadolinium- DTPA, con-
trast enhanced T1WI in axial, sagittal and coronal planes was
obtained.
MRS protocol: Two localization methods have been per-
formed, each has a different TE. Data were acquired using
Point RESolved Spectroscopy (PRESS) pulse sequence and
spectroscopic localization has been performed on post contrast
T1WI with automatic shimming. Measurement parameters
used in 2D-MRSI were TR/TE: 1500/135 ms, (FOV):
120  120 mm, section thickness: 10 mm and total scan time
was 7 min. The Region of interest (ROI) was carefully placed
to avoid strong interference from subcutaneous fat and lipids
of the skull, and outer volume suppression (OVS) slabs outside
the ROI was used to further reduce the potential for artifact.
Measurement parameters used in SVS scans were 1500/35 ms
(TR/TE) and voxel size was about 1.5 cm3. The total Scan time
was 3.14 min.1.2. Analysis of the spectroscopic data
The main metabolites identiﬁed by MRS are (NAA) at
2.02 ppm, (Cr) at 3.0 ppm, (Cho) at 3.2 ppm and (mI) at
3.6 ppm. Concerning lipids and lactate we qualitatively deﬁned
and estimated their sum (LL) between 0.9 and 1.3 ppm.
The following metabolite ratio was calculated using the
standard commercial software: Cho/NAA, Cho+Cr/NAA,
Cho/Cr, LL/Cr and NAA/Cr in addition to MI/Cr in the sec-
ond technique when the short TE has been used. In case of 2D-
MRSI, only voxels presenting the highest Cho/NAA, Cho
+Cr/NAA, Cho/Cr, LL/Cr and the lowest NAA/Cr in the
solid part of the tumor were considered. A spectrum was
excluded for analysis if integration of any peak could not be
accomplished using the automated analysis software.
1.3. Histopathology classification
Histopathological diagnosis obtained either by biopsy or by
surgical resection and the specimens were graded according
WHO criteria into four grades. Then they were classiﬁed into
low and high grades considering the tumors of grade I and II
as low-grade tumors, while tumors of grade III and IV as high-
grade tumors.
1.4. Statistical analysis
Data analysis was performed using the SPSS statistical soft-
ware package. Nonparametric Mann–Whitney U tests were
used to evaluate the signiﬁcance in the metabolites and
metabolic ratio differences between high and low grade
tumors in both groups. P values less than 0.05 were consid-
ered statistically signiﬁcant. In order to identify the optimal
cut-off values of the most discriminative metabolic ratios,
receiver-operating characteristic (ROC) curve analysis was
performed. The efﬁcacies of the signiﬁcant parameters were
assessed in terms of sensitivity, speciﬁcity, positive and the
accuracy. The logistic regression analysis was then per-
formed to determine the combination of the most discrimi-
native parameters.
2. Results
Examples of low grade and high grade gliomas are given in
Figs. 1 and 2 respectively.
On the basis of histological diagnosis, the tumors were sub-
divided, in our results, into high-grade tumors (13
cases = 59%) and low-grade (9 cases = 41%) tumors.
Glioblastoma multiform was the commonest among the
pathological diagnosis, and represented about third of the
tumors (30%).
2.1. Comparison of different metabolite ratios between high-
grade and low-grade tumors at both short and intermediate TE
The metabolite ratios of cerebral tumors at both TEs accord-
ing to the tumor grade are given in Table 1. At intermediate
TE, lesions in the high-grade group had signiﬁcantly higher
Cho/NAA, Cho+Cr/NAA and Cho/Cr ratios than those in
Fig. 1 Grade II, Astrocytoma. (a) Axial FLAIR, (b) Coronal T2WI, (c) Post-contrast axial T1WI, shows right parietal space occupying
lesion (SOL) with hyperintense signal intensity on T2WI and FLAIR associated with mild edema and mass effect. No signiﬁcant
enhancement on post-contrast T1WI. (d) MRS at short TE, shows elevated Cho and slightly decrease in NAA (Cho/NAA= 0.6) with
small LL peak (LL/Cr = 0.06). (e) Color overlay ratio map of Cho/NAA at intermediate TE, showing the region with highest Cho/NAA,
in red. (f) Spectrum corresponding to the area of highest Cho/NAA, showing mild elevation of Cho/NAA ratio (8.4). All the ﬁndings are
in keeping with low-grade glioma.
Role of magnetic resonance spectroscopy 579the low-grade group, whereas NAA/Cr and LL/Cr ratios
showed no signiﬁcant difference between the two groups. At
short TE, however, lesions in the high-grade group had only
signiﬁcantly higher Cho/Cr and LL/Cr ratios than those in
the low-grade group.2.2. The findings of tumor grading using ROC analysis at
intermediate TE
To evaluate the potential ability of MRS in the differentiation
of low-grade and high-grade tumors, cutoff values of
Fig. 2 Grade IV, Glioblastoma multiform. (a) Axial T1WI, (b) Coronal T2WI, (c) Post-contrast axial T1WI shows left temporo-parietal
SOL with heterogeneous intensity and areas of hemorrhage. It is associated with moderate edema and mass effect and shows
heterogeneous enhancement on post-contrast T1WI. (d) MRS at short TE, shows elevated Cho with marked decrease in NAA (Cho/
NAA= 1.8) and LL/Cr = 0.09. (e) Color overlay ratio map of Cho/NAA at intermediate TE, showing the region with highest Cho/
NAA, in red. (f) Spectrum corresponding to the area of highest Cho/NAA, showing marked elevation of Cho/NAA ratio (18.5). All the
ﬁndings are in keeping with high -grade tumors.
580 R.K.A. Naser et al.metabolite ratios, at both short and intermediate TEs, were
calculated respectively using ROC analysis. The resulting diag-
nostic accuracy, sensitivity and speciﬁcity, of metabolite ratios
for predicting tumor grading are shown in Table 2 and Fig. 3.
At intermediate TE, the accuracy of the quantitative variable
Cho+Cr/NAA was the highest (86.4%) in the differentiationbetween high grade tumors from low grade tumors. Its sensi-
tivity and speciﬁcity were also the highest among the other
variables, 80% and 91.7% respectively. It is followed by
Cho/NAA, where it showed also high accuracy and speciﬁcity
of 81.8% and 90.9% respectively, whereas its sensitivity was of
a moderate value (72.7%). The variable Cho/Cr showed a
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Role of magnetic resonance spectroscopy 581lower accuracy and sensitivity of 72.7% and 61.5% respec-
tively, but a quite high speciﬁcity of 88.9%. At short TE, the
sensitivity of Cho/Cr in discriminating high and low grade
tumors, at a cutoff value of 2.2, was low (62.5%) whereas its
speciﬁcity and accuracy were 75% and 70% respectively. LL/
Cr ratio showed an improved sensitivity (71.4%), speciﬁcity
(76.9%) and accuracy (75%).
2.3. Logistic regression analysis of the potential parameter at
each TE (Cho+Cr/NAA at intermediate TE and LL/Cr at
short TE)
The results of the logistic regression are also shown in Table 2.
The Logistic regression of the combined most discriminative
parameters within each TE, Cho+Cr/NAA ratio at intermedi-
ate TE and LL/Cr ratio at short TE, was also determined. It
resulted in a further higher sensitivity, speciﬁcity and accuracy
(85.7%, 90.9% and 88.9%) than each parameter separately.
3. Discussion
It is so important to differentiate high from low grade tumors
before establishing an effective treatment. Conventional MR
imaging, sometimes can be difﬁcult and unreliable in predict-
ing tumor grade (4,5). MRS increasingly being used as a non-
invasive method for the detection and grading of brain tumors
can further improve the diagnostic accuracy during tumor
grading (9,10).
In the present study, we assessed the usefulness of com-
bined short and intermediate TE in tumor grading; at interme-
diate TE data were acquired using CSI. But, as mentioned
earlier, because of the higher shimming demand of short TE
and because of its difﬁcult processing, data were acquired
using SVS at short TE.
At intermediate TE, we found signiﬁcant differences (P
value < 0.05) in all Cho metabolite related ratios (Cho/
NAA, Cho + Cr/NAA and Cho/Cr), between low and high-
grade tumors (Table 2). In agreement with our results, Zeng
et al. (11) demonstrated that Cho/NAA and Cho/Cr ratios
have the superior diagnostic performance in predicting glioma
grade. Additionally, In a study performed in 2008 to evaluate
the value of MRS in glioma grading, investigators demon-
strated that Cho and other measures associated with it (Cho/
Cr and Cho/NAA) are superior indices for grading glioma
compared with other metabolite ratios (12). Moreover, A
review of the literature, taking into account differences in spec-
troscopic techniques, demonstrates maximal values obtained
for Cho/Cr and Cho/NAA to be of utility in differentiating
between low grade tumors and high grade tumors (13–15).
In the present study the Cho+Cr/NAA ratio was calcu-
lated because the separation between Cho and Cr peaks in
heterogeneous tissues is sometimes suboptimal making quan-
tiﬁcation of each peak more difﬁcult. Only few studies investi-
gated the role of Cho+Cr/NAA ratio in this concern (16,17).
In agreement with our results, they demonstrated that Cho
+Cr/NAA ratio could signiﬁcantly differentiate between low
and high grade tumors.
In disagreement with our results, some studies showed
insigniﬁcant differences between high and low grade tumors
in either Cho/Cr or Cho/NAA ratios. Authors referred these
variations to the various techniques with different spectral
(a) Cho/NAA                                   (b) Cho+Cr/NAA
(c) Cho/Cr
(d) Cho/Cr (e) LL/Cr
Fig. 3 Illustrate the receiver-operating characteristic (ROC) curve for different metabolite ratios at both TEs. (a) Cho/NAA, (b) Cho
+Cr/NAA, (c) Cho/Cr (at intermediate TE), (d) Cho/Cr, (e) LL/Cr (at short TE).
582 R.K.A. Naser et al.
Role of magnetic resonance spectroscopy 583acquisitions, and to the inherent histological heterogeneity of
each type and grade of glioma (18,19).
AT short TE, of all Cho metabolite related ratios we only
found that Cho/Cr ratio is signiﬁcant in discriminating benign
and malignant tumors (P< 0.047). This is in agreement with
the other studies which investigated the role of short TE in
tumor grading (5,8).
Concerning lipid and lactate (LL), Our result revealed, sig-
niﬁcant difference in LL/Cr ratio at short TE in differentiating
low and high grade tumors (P< 0.039) This was in agreement
with the previous studies (5,8). On the other hand, at interme-
diate TE, we found LL/Cr is insigniﬁcant to differentiate
between the two tumor groups. This is in agreement with some
studies which reported the elevation of lactate in low grade
tumors (20,21).
In our study, mI/Cr ratio did not signiﬁcantly differentiate
low from high grade tumors. In agreement with this result,
some authors did not reveal signiﬁcant differentiation of mI/
Cr at short TE among patients with low and high grade tumors
(5,8,20,22).
Our results revealed that NAA/Cr ratio did not show a sig-
niﬁcant difference in distinguishing low and high grade
tumors. This is in agreement with many other studies
((5,11,13,17,18). On the other hand, other studies demon-
strated that NAA/Cr ratio is useful in discriminating the
tumor grade; however, it was of less diagnostic accuracy com-
pared to Cho/NAA and Cho/Cr ratios (6,23).
In the present study, using (ROC) analysis, potentially use-
ful cutoff values for Cho metabolite related ratios at interme-
diate TE as well as Cho/Cr and LL/Cr at short TE were
determined to differentiate high-grade from low-grade tumors
(Table 2). Other previous studies were also able to ﬁnd cutoff
values (5,11,12,15,23). However, cutoff values for tumor grad-
ing varied among these studies. One possible explanation for
these variations could be the differences in the methods of
MRS imaging, including MR ﬁeld strength, acquisition
parameters, voxel size and location. Another reason for these
variations could be the distinction in the object of study,
including the number of patients and the heterogeneity of
the tumors. In Our study, the cut off values for the above
metabolites revealed a considerable degree of overlap in all
of them. Similarly most of the previous studies showed a quite
wide degree of overlap with no distinct cutoff value for MRS
to discriminate between different tumor grades. These wide
ranges might be due mainly to the partial volume-averaging
effect from the heterogeneous tumor tissue, including cyst,
necrosis, and hemorrhage.Table 2 Measures of sensitivity, speciﬁcity, and accuracy of differen
grade and high-grade tumors.
Variable Cutoﬀ
a- Cho/NAA 12.2
b- Cho + Cr/NAA 17
c- Cho/Cr 9.2
d- Cho/Cr 2.2
e- LL/Cr 0.09
f- Cho + Cr/NAA and LL/Cr At 17 and 0.09
(a,b,c) metabolite ratios at intermediate TE, (d, e) metabolite ratios at sho
Cr at short TE.At intermediate TE, our results revealed the sensitivity of
Cho/NAA is 72%, which indicates moderate true positive
and false negative rate, whereas the sensitivity of
Cho+Cr/NAA ratio was higher (80%); hence, this metabolic
ratio can be useful in determining tumor grades. The corre-
sponding speciﬁcities of these ratios were 90% and 91%
respectively indicating the most low grade tumors were cor-
rectly classiﬁed. The sensitivity of Cho/Cr ratios was, however,
61% indicating low true positive and false negative rates;
hence, it is not really valuable in determining high grade
tumors. However its high speciﬁcity (85%), indicates only
few low grade tumors were falsely identiﬁed as high grade.
On the other hand, at short TE, the sensitivity and the
speciﬁcity as well as the accuracy of LL/Cr in discriminating
Low and high grade tumors were higher compared to those
of Cho/Cr ratio. The sensitivity of LL/Cr was 71%, which
indicates moderate true positive and false negative rate, and
its corresponding speciﬁcity was 76% in which it indicates
moderate true negative and false positive, whereas the sensitiv-
ity of Cho/Cr was 62% denoting low true positive and false
negative rate; hence, it could be less useful in distinguishing
the tumor grade, similar to that at intermediate TE. Its corre-
sponding speciﬁcity was 75%, which also indicates moderate
true negative and false positive.
Comparing intermediate TE to short TE, our results
revealed that the overall diagnostic accuracy of metabolite
ratios was superior at intermediate TE to those at short TE.
Yet this is in disagreement with previous studies carried out
in this concern, comparing short and intermediate TEs in grad-
ing of cerebral tumors (5,8).
Kim et al. (8) performed a study using a 3T device, compar-
ing short and intermediate TEs in glioma grading. Their results
revealed better sensitivity and accuracy at short TE compared
to those at intermediate TE. This difference could be related to
the variation in the localization techniques applied at interme-
diate TE, as they used SVS whereas we used MRSI.
More recently, Kousi et al. (5) investigated the role of both
TEs in glioma grading at 3T device. Similar to our technique,
they applied multi-voxel localization at intermediate TE,
whereas SVS at short TE. But unlike our study, they measured
the metabolite ratios not only in the intratumoral region but
also in the peritumoral region. In discordant with our results,
their results revealed higher sensitivity and speciﬁcity of the
intra-tumoral Cho/Cr at short TE compared to those of
intra-tumoral Cho/Cr and Cho/NAA at intermediate TE.
One possible explanation for this discordance could be in the
voxel size they applied at short TE, as the least voxel size theyt metabolite ratios at both TEs, for differentiation between low-
Sensitivity Speciﬁcity Accuracy
72.7% 90.9% 81.8%
80% 91.7% 86.4%
61.5% 88.9% 72.7%
62.5% 75.0% 70.0%
71.4% 76.9% 75.0%
85.7% 90.9% 88.8%
rt TE and (f) Cho + cr/NAA at intermediate TE combined with LL/
584 R.K.A. Naser et al.used was 3.5 cm compared to 1.5 cm in our study such size
would ensure higher SNR, consequently better diagnostic
accuracy. In addition, they performed their study using a
3 Tesla device, which also contributed to the increase in
SNR. The authors ﬁnally suggested that if a single TE must
be chosen for the discrimination of low and high grade glio-
mas, short TE is preferable because it reached higher averaged
sensitivity (89%) in predicting glioma grade, over long TE
(70%). Yet, it was notably that, the difference in the sensitiv-
ities of the intra-tumoral ratios was not great enough to be
worthy of attention, as it was 78% for Cho/Cr at short TE cor-
responding to 68% and 75% for Cho/Cr and Cho/NAA
respectively at intermediate TE. Therefore the higher sensitiv-
ities that the overall short TE revealed were mainly referred to
their higher values in the peri-tumoral area where it reached
100% in NAA/Cr ratio.
Our results of the logistic regression analysis of combined
most discriminative ratios, Cho+Cr/NAA at intermediate
TE and LL/Cr at short TE, showed better sensitivity, speci-
ﬁcity and accuracy than when each parameter employed sepa-
rately (Table 2).
A limitation of this study is that we have evaluated the
inﬂuence of two TEs using different localization methods.
We applied MRSI at intermediate TE, whereas SVS at short
TE. This is because of the higher shimming and water suppres-
sion demands of the short TE. Nevertheless, we chose similar
regions between the two techniques for measuring the meta-
bolic ratios.
4. Conclusion
MRS allowed the noninvasive differentiation between high-
grade and low grade tumors. Cho/NAA, Cho/Cr as well as
Cho+Cr/NAA ratios were the most reliable in determining
the tumor grade.
Intermediate TE showed better sensitivity, speciﬁcity, and
accuracy compared to those at short TE. Yet, combination
of both short and intermediate TEs provided higher sensitivity,
speciﬁcity and accuracy compared to those of each TE
separately.
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